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Description 

The present invention relates to a process for producing 2-keto-L-gulonic acid (and to vitamin C 
respectively) by fermentation with a high yield, and to 2-keto-L-gulonic acid producing miroorganisms. 

5 The process comprises converting L-sorbose and/or D-sorbitol into 2-keto-L-gulonic acid with the aid of 
a microorganism or its cell free extract, said microorganism belonging to the species Gluconobacter 
oxydans capable of producing 2-keto-L-gulonic acid and having a L-sorbose dehydrogenase activity higher 
than 20 m units/mG cell protein to convert L-sorbose into L-sorbosone, and, if desired, converting the 2- 
keto-L-gulonic acid so obtained into vitamin C in a manner known per se. 

70 ' 2-keto-L-gulonic acid is an important intermediate for the production of vitamin C and can be converted 
Into vitamin C by a one-step chemical reaction in a manner known per se, e.g. according to Reichstein's 
method. ■ " " _ 

It has been known that 2-keto-L-gulonic acid can be produced biosynthetically from D-sorbitol or L- 
sorbose. For example, in Japanese patent Publication No. 40.154/1976, it is reported that 2-keto-L-gulonic 

is acid can be produced from D-sorbitol with the aid of microorganisms belonging to the genus Acetobacter, 
Bacterium or Pseudomonas which are capable of oxidizing the hydroxymethyl radical at the t -position and 
the hydroxymethylene radical at the 2-position of D-sorbitol to convert those radicals into a carboxyl radical 
and a carbonyl radical, respectively, under aerobic conditions. However, according to the said process, the 
yield of 2-keto-L-gulonic acid is less than 6 g/l. Moreover, in "Acta Microbiotogica Sirica" 21 (2) 185-191 

20 (1981). it is reported that 2-keto-L-gulonic acid can be accumulated in a mixed culture broth of two 
microorganisms, i.e. Pseudomonas striata and Gluconobacter oxydans at the concentration of 30 and 37 g/l 
starting from 70 g/l and 100 g/l, respectively, of L-sorbose. However, it is reported that Gluconobacter 
oxydans alone produced trace amount of 2-keto-L-gulonic acid and Pseudomonas striata produced none at 
all. * 

25 The process provided by the present invention renders possible the production of 2-keto-L-gulonic acid 
from L-sorbose and/or D-sorbitol in high yield. This process comprises cultivating a microorganism 
belonging to the species Gluconobacter oxydans capable to convert L-sorbose and/or D-sorbitol into 2-keto- 
L-gu!onic acid in a medium, the yield of 2-keto-L-gulonic acid being more than 20 g/l (e.g. more than 60 g/l 
under appropriate conditions) and the concentration of the substrate being in a range between 30-200 g/l, 

30 and if desired, recovering 2-keto-L-gulonic acid from the fermentation broth. The reaction product can be 
converted to vitamin C in a manner known per se. 

. The microorganisms used in the present invention are those belonging to the species Gluconobacter 
oxydans and mutants thereof, having a high activity of L-sorbose dehydrogenase to convert L-sorbose into 
L-sorbosone. namely higher than 20 m units/mg cell protein, preferably higher than 50 m units/mg cell 

35 protein. The microorganisms having such a high L-sorbose dehydrogenase activity can produce 2-keto-L- 
gulonic acid with a high yield, e.g. more than 60 g/l. The L-sorbose dehydrogenase activity can be 
measured by the DCIP (2,6-dichlorophenoiindophenol)-assay described in K. Matsushita et al. "Method in 
Enzymology-. Vol. 89. edited by W.A. Wood, Academic Press Inc., New York, N.Y., 1982, p. 187. One unit 
is defined as the amount of enzyme that catalyzed the reduction of 1 umol of DCIP per minute under the 

40 standard assay conditions. 

Although various different species had been known in the Giuconobacter genus, such as Gluconobacter 
cerinus, Gluconobacter dioxyacetonicus. Gluconobacter industrius, Gluconobacter liquefaciens, Gluconobac- 
ter melanogenes. Gluconobacter oxydans, Gluconobacter suboxydans and the like, all of those strains were 
classified in one species of Gluconobacter oxydans with 4 subspecies in the 8th Edition of "Sergey's 

45 Manual of Determinative Bacteriology" 1974), i.e. oxydans, industrius, suboxydans and melanogenes. 
Further, the new "Bergey's Manual of Systematic Bacteriology n . Vol. I (1984) adopted the concept of the 
single species within the genus without subdividing into various subspecies. This was based on the 
numerical analysis of various strains and because subspecies cannot be regarded as biological entities. 
Thus, according to the newest classification, all the strains belonging to Gluconobacter fall into the 

50 species Gluconobacter oxydans. Morphological and physiological characteristics of the strains belonging to 
Gluconobacter oxydans are described in "Bergey's Manual of Systematic Bacteriology", Vol. I. p. 275-278, 
1984 and F. Gossele et al., International J. System. Bacteriol. Vol. 33. p. 65-81, 1983. 

The mutants used in the present invention can be obtained by treating a wild type strain with a mutagen 
such as ultraviolet irradiation, X-ray irradiation. 7-ray irradiation or contact with nitrous acid or other suitable 

55 mutagens, or by isolating a clone occurring by spontaneous mutation. These mutations of a wild type strain 
or a mutant strain thereof may be effected in any of the ways per se well known for the purpose by one 
skilled in the art. Many of these methods have been described in various publications, for example, 
"Chemical Mutagens" edited by Y. Tajima. T. Yoshida and T. Kada. published by Kodansha Scientific Inc.. 
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Tokyo. Japan, in 1973. 

Any strains belonging to the species Gluconobacter oxydans isolated from natural sources or publicly ' 
available from the collections may be employed as a parent strain for mutagenesis described in the present 
invention. 

s The mutants according to the present invention can also be obtained by fusion of the strains belonging 
to th species Gluconobacter oxydans and the combination of the mutagenesis and/or- fusion. Such 
procedures are exemplified in the following Example 1. 

The microorganisms preferably used in the present invention are Gluconobacter oxydans UV-10. 
Gluconobacter oxydans E-1, Gluconobacter oxydans H-2, Gluconobacter oxydans L-8, Gluconobacter 

10 oxydans U-13 or Gluconobacter oxydans Z-29 derived from the strain Gluconobacter oxydans (listed as 
melanogenes in the catalogue) IFO-3293 (FERM-P No. 8356). Those mutant strains have been deposited in 
the Agency of Industrial Science and Technology, Fermentation Research Institute, Japan under the 
following deposited Nos., respectively. 
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Gluconobacter oxydans UV-10 
Gluconobacter oxydans E-1 
Gluconobacter oxydans H-2 
Gluconobacter oxydans L-8 
Gluconobacter oxydans U-13 
Gluconobacter oxydans Z-29 



FERM-P No. 8422 
FERM-P No. 8353 
FERM-P No. 8354 
FERM-P No. 8355 
FERM-P No. 8854 
FERM-P No. 8855 



The morphology of these mutant strains is indistinguishable from that of the parent strain IFO-3293 
(FERM-P No. 8356), but the former strains and the latter parent strain are clearly distinguishable in the 

25 production of 2-keto-gulonic acid and the L-sorbose dehydrogenase activity as described in the Examples. 

The production of 2-keto-L-gulonic acid is effected by the cultivation of a 2-keto-L-gulonic acid 
producing microorganism in a medium containing L-sorbose and/or D-sorbitol as well as appropriate 
nutrients. The process of this invention may also be carried out by culturing the microorganism and, after 
culturing, bringing the whole cell or the cell free extract collected from the culture into contact with L- 

30 sorbose and/or D-sorbitol. 

In the case where the microorganism is cultured in a medium containing L-sorbose and/or D-sorbitol as 
well as appropriate nutrients, the microorganism may be cultured in an aqueous medium under aerobic 
fermentation. The cultivation should be conducted at a pH of about 4.0 to about 8.0, preferably from about 
4.5 to 6.5. A preferred temperature range for carrying out the cultivation is from about 20 *C to 37 *C. 

35 preferably from 25 *C to 33 *C. While the time for cultivation varies depending upon the microorganisms 
and nutrient medium to be used, about 2 to 10 days of cultivation usually brings about the most preferable 
results. Concentration of L-sorbose and/or D-sorbitol in the medium is generally desirable to be about 30 to 
200 g/l, most preferably from about 50 to 150 g/l. 

It is usually required that the culture medium contains such nutrients for the microorganism as 

40 assimilable carbon sources, digestible nitrogen sources and preferably inorganic substances, vitamins, trace 
elements and other growth promoting factors. L-Sorbose and/or D-sorbitoi per se can serve as the carbon 
source but other substances, which are carbon sources, may also be added. Among the substances which 
can be utilized as carbon sources, other than L-sorbose and D-sorbitol, are included, for example, glycerol, 
mannitoJ, fructose., D-arabitol and the like. 

45 * As the nitrogen sources, there may be used various organic or inorganic substances such as yeast 
extract meat extract, peptone, casein, corn steep liquor, urea, amino acids, nitrates, ammonium salts, and 
the like. As the inorganic nutrients, for example, potassium phosphates, magnesium sulfate, ferrous and 
ferric chlorides, calcium carbonate and the like are usually employed. 

In the case of using the whole cells collected from the culture, cultivation of the microorganism is 

so carried out under similar conditions as described above. The whole cells are utilized to convert L-sorbose 
and/or D-sorbitol to 2-keto-L-gulonic acid in an aqueous medium under aerobic conditions at a pH of about 
5 to 8. In this conversion, no additional nutrients are necessary. Generally, from about 1 to 4 days culture is 
preferable for obtaining the most effective cells for the conversion of L-sorbose and/or D-sorbitol to 2-keto- 
L-guIonic acid. 

55 On th other hand, when cell free extracts from the whole culture are utilized, these cell free extracts 
can be used to convert L-sorbose and/or D-sorbitol to 2-keto-l-guIonic acid by treating the substrate with the 
cell free extracts in an aqueous medium under aerobic conditions at pH of 5 to 9. In this case, no nutrients 
need be present. 
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in the method of the present invention, the resulting 2-keto-L-gulonic acid in the reaction mixtur need 
not be isolated, but the reaction mixture can directly be esterified. followed by enolization and lactonization 
and can be converted to L-ascorbic acid. In the case of isolating 2-keto-L-gulonic acid, isolation may be 
fleeted by the formation of a salt or by using differences in properties between the product and impurities 
such as solubility, adsorbability and distribution coefficient between two solvents. Use of an adsorbent such 
as -ion exchange* resins is one of the most convenient processes for isolation of the product. 2-keto-L- 
gulonic acid thus obtained is in general not pure and may be purified by conventional methods such as 
recrystailization and chromatography. 

The following Examples illustrate the present invention. 

Example 1 

An agar slant culture of Gluconobacter oxydans (listed in the catalogue as melanogenes) IFO-3293 
(FERM-P No. 8356) was inoculated into 5 ml of a medium containing (%): glycerol. 0.5; yeast extract. 0.5; 

is and MgSOt • 7H 2 0. 0.25 in a test tube and cultivated at 27* C for 24 hours on a tube shaker. The cells were 
collected by centrifugation. washed twice with 50 mM tris-maleic acid buffer, pH 6.0, and suspended in 25 
ml of the same buffer. A glass plate containing 2 ml of the cell suspension was kept under a UV light (254 
nm. 15W) at a distance of 30 cm. After one minute of irradiation, the plate was taken out and kept in dark 
for 60 minutes before being spread on agar plates containing 5% L-sorbose and 1% CaC0 3 . The colonies 

20 having large clear zones derived from dissolution of CaC0 3 were transferred onto agar plates and used to 
inoculate test tubes (21 mm in diameter) containing fermentation medium. The medium was composed of 
(g/I): L-sorbose, 70; yeast extract. 7.5; glycerol 0.5; MgSOi-7H 2 0. 2.5 and CaCOa. 10. After cultivation at 
30 *C for 4 days, the culture was analyzed on tic to quantify 2-keto-L-gulonic acid production. The strain 
UV-10 (FERM-P No. 8422) was selected as a high producer of 2-keto-L-gulonic acid. 

25 UV-10 cells were treated with 125 ug/ml of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) and 62.5 
ug/ml of acridine orange for 30 minutes at 30 *C in 0.05 M phosphate buffer (pH. 8.0). The mutated cells 
were spread on No. 4 agar plates and grown. No. 4 medium contained 0.5% each of yeast extract, glycerol 
and MgSOi*7H 2 0. From these mutants, the strain 56-8 was selected as a 2-keto-L-gulonic acid high 
producer. 

30 By the repetition of the same mutational procedure as described above, the mutants s66-23 and S14-23 
were obtained from the strain 56-8 as 2-keto-L-gulonic acid high producers. Moreover, by repeating the 
same procedure, using the strain S66-23 as a parent, the strain A-6 was selected as a 2-keto-L-gulonic acid 
high producer. 

The fusion of the strains A-6 and si 4-23 was carried out with the following procedure. 

35 The strains A-6 and S14-23 were cultivated in 500 ml-Erlenmeyer flasks at 30* C for 48 hours. The cells 
were collected from 10 ml of the culture broth by centrifugation, washed with water and suspended in 4.5 
ml of the buffer containing 20 mM MgCI 2 *6H 2 0. 20 mM CaCI 2 «2H 2 0. 0.1 M Tris. 1 mM EOTA and 0.5 M 
NaCI (pH 8.0) and treated with lysozyme at 33 # C for 2.5 hours with gentle shaking. Spheropiast suspension 
was washed, resuspended in hypertonic medium and used for fusion. 

ao 1 ml each of the spheropiast suspension of A-6 and si 4-23 was mixed and centrifuged at 2500 rpm for 
10 minutes and resuspended in hypertonic medium. One ml of polyethylene glycol PEG-1000 (44%) was 
added to 0.1 ml of the spheropiast mixture and the mixture was incubated at 20* C for 10 minutes. 

Fused suspension was plated on hypertonic agar medium after an appropriate dilution. After incubation 
at 27.5* C for about 6 days, colonies appeared on plates by regeneration. Fusants were selected from these 

45 colonies and cultured in test tubes to determine 2-keto-L-gulonic acid productivity. A 2-keto-L-gulonic acid 
high producer was selected among the fusants. 

The fusant selected was further treated with MNNG in the same manner as described above and the 
strain E-1 (FERM-P No. 8353) was obtained as a high 2-keto-L-gulonic acid producer. The 2-keto-L-gulonic 
acid high producers, H-2 (FERM-P No. 8354) and L-8 (FERM-P No. 8355) were obtained by further 

so mutation of the strains E-1 (FERM-P No. 8353) and H-2 (FERM-P No. 8354) respectively as parents. 

By the repetitive mutagenesis of the strain H-2 (FERM-P No. 8354) and its derivatives using 2-methoxy- 
6-ch!oro-9-[3-(ethyl-2-chloroethyl)aminopropylamino]acrydine-dihydrochloride (ICR-170) or MNNG as 
mutagens in the same manner as described above, the strain U-13 (FERM-P No. 8854) was selected as a 
2-keto-L-gulonic acid high producer. Furthermore, by the repetitive mutagenesis of the strain H-2 (FERM-P 

55 No. 8354) and its derivatives using ICR-170. MNNG and/or 2-methoxy-6-chloro-9[3-(2-ch!oroethyl)- 
aminopropyIamino]acrydine-dihydro-chloride (ICR-191) as mutagens in the same manner as described 
above, the strain Z-29 (FERM-P No. 8855) was selected as a 2-keto-L-gulonic acid high producer. , 
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Example 2 

Agar slant cultures of Gluconobacter strains listed below were inoculated into 5 ml of a medium in test 
tubes, said medium containing (g/l): L-sorbose, 80; glycerol. 0.5; MgS(V7H20. 0.25; yeast extract (Oriental 
s Yeast Co.). 15; and CaCOa, 15.0. They were grown for 48 hours at 30 • C on a test tube shaker. 1 ml of the 
resulting culture was used to inoculate 50 ml of fresh medium in a 500 mt-Erlenmeyer flask. Composition of 
the medium was the same as described above. The flasks were incubated at 30" C on a rotary shaker 
operating at 180 rpm for 4 days. The amount of 2-keto-L-gulonic acid accumulated in the culture was as 
follows. 



Strains 


2-keto-L-gulonic acid yield (g/l) 


after 3 days 


after 4 days 


G. oxydans IFO-3293 


0.4 


0.5 


G. oxydans. UV-10 


23.9 


278 


G. oxydans E-1 


46.5 


49.2 


G. oxydans H-2 


47.2 


50.0 


G. oxydans L-8 


46.3 


46.5 



Example 3 

Gluconobacter oxydans E-1 (FERM-P No. 8353). H-2 (FERM-P No. 8354) and L-8 (FERM-P No. 8355) 
25 were cultivated in a similar manner as described in Example 2. L-Sorbose concentrations of 80 g. 100 g and 
120 g/1 and CaCOa concentrations of 15 g. 20 g and 30 g/l, respectively, were used in the production 
medium. Fermentation was performed for 5 days and a sample was withdrawn from each flask on the third 
day of cultivation. The yields of 2-keto-L-gulonic acid in the medium as expressed in grams per liter are 
summarized in the following table. 



35 


L-Sorbose 
concentration 


culture 

period 


Strain 


E-1 


H-2 


L-8 


40 


80 g/l 


3 
5 


day 
day 


46.1 
46.3 


50.5 
49.3 


48.2 
48.1 




loo g/l 


3 
5 


day 
day 


51.4 
55.1 


57.3 
62.8 


58.3 
61.9 


45 


120 g/l 


3 
5 


day 
day 




64.2 
65.0 


62.2 
67.8 



50 

Using Gluconobacter oxydans IFO 3293 (FERM-P No. 8356), the same procedure as mentioned above 
was repeated, however less than 1 g/l of 2-keto-L-gulonic acid was only detected. * 

Example 4 

55 

Gluconobacter oxydans L-8 (FERM-P No. 8355) was cultivated in the same manner as described in 
Example 2 in the media containing the following ingredients (g/l): 
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• 


(A) 


(B) 


(C) 


(D) 


D-Sorbitot 


120 


100 


80 


43 


(.-Sorbose 








57 


Glycerol 


0.5 


0.5 


0.5 


0:5 


MgS04*7H 2 0 


2.5 


2.5 ■ 


2.5 


2.5 


Yeast extract 


15.0 


15.0 


15.0 


15.0 


CaCOj 


30 


20 


IS 


20 



The flasks were incubated at 30* C for 4 days on a rotary shaker. Amounts of 2-keto-L-gulonic acid 
accumulated in the medium (A) to (D) were 58.1, 51.3, 40.8 and 46.5 g/l, respectively. 

Example 5 

Gluconobacter oxydans U-13 (FERM-P No. 8854) and Z-29 (FERM-P No. 8855) were cultured in the 
same manner as described in Example 2 in the media containing the following ingredients (g/L): 



Ingredients (g/L) 


Medium 


(A) 


(B) 


(C) 


L-Sorbose 


100 






D-Sorbitol 




100 


100 


Glycerol 


0.5 


0.5 


0.5 


MgS04 # 7H 2 0 


2.5 


2.5 


2.5 


Yeast extract 


15.0 


15.0 




Corn steep liquor 






20.0 


CaCD 3 


20.0 


20.0 


20.0 



The flasks were incubated at 30 *C for 4 days on a rotary shaker. The amount of 2-keto-L-gulonic acid 
accumulated in the culture was as follows. 



Strains 


2-Keto-L-gulonic acid (g/L) in Medium 




(A) 


(B) 


(C) 


G. oxydans U-13 


64.4 


45.9 




G. oxydans Z-29 




62.5 


59.5 



AO 

Example 6 

One loopful of cells of Gluconobacter oxydans L-8 (FERM-P No. 8355) was inoculated into a test tube 
containing 5 ml of the following medium. 

■45 



L-Sorbose 


80.0 g/l 


Glycerol 


0.5 


MgS(V7H 2 0 


2.5 


Yeast extract 


15.0 


CaCOj 


15.0 



After incubation at 30 *C for 2 days on a test tube shaker, 1 ml of the culture was transferred to six 500 ml- 
Erlenmeyer flasks each containing 50 ml of the above medium but L-sorbose concentration was 100 g/l. 

The flasks were incubated at 30 *C with rotary shaking for 2 days, whereupon the cultures obtained 
served as inoculum. 300 ml of the incubated inoculum was added to 15 I of the medium in a fermentor 
having a total volume of 30 I. The medium contained (g/l): L-sorbose. 100; glycerol, 0.5; MgSOi*7H20, 2.5; 
yeast extract, 15 and CaC03, 20. Incubation was conducted at 30 - C with stirring at a rate of 300 rpm and 
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with an aeration rate of 8 l/min. 2-Keto-L-gulonic acid content in the fermented broth was 55.4 g/I after 87 
hours. 

Cells and solid materials in the broth were discarded by centrifugation and 14 1 of clear supernatant was 
obtained. The supernatant was passed over IR120B(H*) resin. The passed fraction was then adsorbed on 
5 Dowex 44 (OH~) resin and eluted with 0.5% ammonium hydroxide. The eluate was passed through IR120B- 
(Na*) resin. The passed fraction was concentrated to 3 I under reduced pressure. 1.5 I of ethanol was 
added to the concentrate and the solution was kept standing at 5'C. 550 g of crystals' of sodium 2-keto-L- 
gulonic acid monohydrate were obtained. The crystalline product showed identical physicochemical char- 
acteristics with an authentic sample: melting point, 144*C.. tt 

10 

Example 7 

Gluconobacter oxydans E-1 (FERM-P No. 8353) was cultivated in two 500 ml-Erlenmeyer flasks each 
• containing 50 ml of the medium in the same manner as described in Example 2. The cells were collected 
is after 3 days of cultivation, washed twice with saline solution and suspended in 50 ml of 0.3% NaCI 
containing 50 g/l of L-sorbose. 32 g/I of 2-keto-L-gulonic acid accumulated in the mixture after 3 days 
incubation at 30* C. 

Example 8 

Gluconobacter oxydans L-8 (FERM-P No. 8355) was cultivated in a 30 I jar fermentor in the same 
manner as described in Example 5. After 38 hours of cultivation, 1.5 I of the culture was harvested to obtain 
the cells. 10 g of the cells were suspended into 60 ml of .10 mM potassium phosphate buffer (pH, 7.0) and 
homogenized by a Dyno mill homogenizer (Willy, A. Bachofen Co.) with glass beads at 2000 rpm for 4 
25 minutes at 4*C. The homogenate was centrifuged at 5000 rpm for 10 minutes to remove the intact ceils. 2 
ml of the supernatant thus obtained was mixed with 1 ml of 0.5 M potassium phosphate buffer (pH, 7.0) and 
6 ml of water containing 100 mg of L-sorbose and incubated at 30 *C for 4 hours. As a result. 25 mg of 2- 
keto-L-guIonic acid was formed. 



30 Example 9 

The strains Gluconobacter oxydans IFO-3293 (FERM-P 8356), UV-10 (FERM-P 8422). E-1 (FERM-P 
8353). H-2 (FERM-P 8354) and L-8 (FERM-P 8355) were cultivated in 30 I jar fermentors for 38 hours and 
the cell free extracts of the cultures were prepared in a manner analogous to that of Example 8. Activity of 
35 L-sorbose dehydrogenase was assayed. The results-are shown in the following Table. 



L-Sorbose dehydrogenase 

*Q strains activity (ro unit/mg protein) 

G. oxydans IFO 3293 < 1 

45 UV-IO 55 

E-1 70 

H-2 78 

L-8 84 



50 



55 Claims 



1. A process for producing 2-keto-L-gulonic acid and vitamin C respectively, which process comprises 
converting L-sorbose and/or D-sorbitol into 2-keto-L-gulonic acid with the aid of a microorganism or its 
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cell free extract, said microorganism belonging to the species Gluconobacter oxydans capable of 
producing 2-keto-L-gulonic acid and having a L-sorbose dehydrogenase activity higher than 20 m 
units/mg cell, protein to convert L-sorbose into L-sorbosone. and. if desired, converting the 2-keto-L- 
gulonic acid so obtained into vitamin C in a manner known per se. 

2. A process according to claim 1, wherein the microorganism is Gluconobacter oxydans UV-10 (FERM- 
BP-1267). Gluconobacter oxydans E-1 (FERM-BP 1265). Gluconobacter oxydans H-2 (FERM-BP-1266). 
Gluconobacter oxydans L-8 (FERM-BP 1268). Gluconobacter oxydans U-13 (FERM-BP-1269) or 
Gluconobacter oxydans Z-29 (FERM-BP 1270). 

3. A process according to claim 1. wherein the microorganism is cultured in a medium containing L- 
sorbose and/or D-sorbitol, and appropriate nutrients. 

4. A process according to claim 1. wherein L-sorbose and/or D-sorbitol are treated with the whole cell or 
the cell free extract in an aqueous medium. 

5. A process according to claim 3. wherein the concentration of the substrate is 30 to 200 g/l. 

6. A process according to claim 3. wherein 2-keto-L-gulonic acid is produced with a concentration of more 
than 20 g/l. preferably more than 60 g/l. 

7. Microorganisms belonging to the species Gluconobacter oxydans, characterized by the ability to 
produce 2-keto-L-gulonic acid from D-sorbitol and/or L-sorbose and which have a L-sorbose de- 
hydrogenase activity higher than 20 m units/mg cell protein.' preferably more than 50 m units/mg cell 
protein to convert L-sorbose to L-sorbosone. 

a Microorganisms according to claim 7, which are Gluconobacter oxydans UV-10 (FERM-BP-1267), 
Gluconobacter oxydans E-1 (FERM-BP-1265). Gluconobacter oxydans H-2 (FERM-BP-1266). 
Gluconobacter oxydans L-8 (FERM-BP 1268). Gluconobacter oxydans U-13 (FERM-BP-1269) and 
Gluconobacter oxydans Z-29 (FERM-BP-1270) and functionally equivalent mutants, variants or subcul- 
tures thereof, the functional equivalence relating to L-sorbose dehydrogenase activity and 2-keto-L- 
gulonic acid yield. 

Revendlcatlons 

1. Un procede pour 'produire respectivement de racide 2-ct§to-L-gulonique et de la vitamine C. lequel 
proce§d<§ comprend de convertir du L-sorbose et/ou du D-sorbitol en acide 2-ceto-L-gulonique k I'aide 
d'un microorganisme ou de son extrait acellulaire. ledit microorganisme appartenant h Tespece 
Gluconobacter oxydans capable de produire de I'acide 2-ceto-L-gulonique et ayant une activite 
dehydrogenase du L-sorbose superieure h 20 m unites/mg de proteine cellulaire pour convertir le L- 
sorbose en L-sorbosone. et, si on le desire, de convertir 1'acide 2-ceto-L-gulonique ainsi obtenu en 
vitamine C d'une manifcre connue en elle-meme. 

2. Un proced§ selon la revendication 1. dans lequel le microorganisme est Gluconobacter oxydans UV-10 
(FERM-BP-1267). Gluconobacter oxydans E-1 (FERM-BP-1265). Gluconobacter oxydans H-2 (FERM- 
BP-1266). Gluconobacter oxydans L-8 (FERM-BP-1268). Gluconobacter oxydans U-13 (FERM-BP-1269) 
ou Gluconobacter oxydans Z-29 (FERM-BP-1270). 

a Un procede selon la revendication 1, dans lequel le microorganisme est cultiv<§ dans un milieu 
contenant du L-sorbose et/ou du D-sdrbitol. et des Elements nutritifs appropries. 

4. Un procedd selon la revendication 1. dans lequel le L-sorbose et/ou le D-sorbitol sont traites avec la 
cellule entire ou Textrait acellulaire dans un milieu aqueux. 

5. Un procede selon la revendication 3. dans lequel la concentration du substrat est de 30 a 200 g/l. 

6. Un proc<§d5 selon la revendication 3. dans lequel racide 2-ceto-L-gulonique est produit dans une 
concentration de plus de 20 g/l. de preference de plus de 60 g/l. 
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7. Des microorganismes appartenant h Tespfece Gluconobacter oxydans. caractSrisS par leur capacity h 
produire de I'acide 2-ceto-L-guIonique & partir de D-sorbitol et/ou de L-sorbose et qui ont une activity 
o'Sshydrogdnas du L-sorbose sup£rieure i 20 m unit£s/mg de proteine cellulaire, de prgfdrence 
sup^rieure k 50 m unit£s/mg de proline cellulaire pour convertir fe L-sorbose en L-sorbosone. 

8. Des microorganismes selon la revendication 7, qui sont Gluconobacter oxydans UV-10 (FERM-BP- 
1267), Gluconobacter oxydans E-1 (FERM-BP-1265), Gluconobacter oxydans H-2 (FERM-BP-1266). 
Gluconobacter oxydans L-8 (FERM-BP-1268), Gluconobacter oxydans U-13 (FERM-BP-1269) ou Gluco- 
nobacter oxydans Z-29 (FERM-BP-1270) et des mutants, variants ou sous-cultures de ceux-ci fonction- 
nellement Equivalents, Equivalence fonctionnelle se rapportant k I'activitE dehydrogenase du L- 
sorbose et au rendement en acide 2-c6to-L-gulonique. 

PatentansprUche 

1. Verfahren zur Herstellung von 2-Keto-L-gulonsaure bzw. Vitamin C, dadurch gekennzeichnet, dass man 
L-Sorbose und/oder Sorbit mittels Mikroorganismen oder deren zellfreien Extrakten in 2-Keto-L- 
gulonsaure uberfUhrt, wobei diese Mikroorganismen der Spezies Gluconobacter oxydans angehdren, 
und zwar solchen Spezies, die f3hig sind, 2-Keto-L-gulonsaure zu produzieren. und eine L-Sorbose- 
dehydrogenase-aktivitat aufweisen, die hoher als 20 m Einheiten pro mg Zellprotein betragt, wobei sich 
diese angegebenen Aktivitatswerte auf die Ueberfilhrung L-Sorbose in L-Sorboson bezieht und, dass 
man gegebenenfalls die erhaltene 2-Keto-L-gulonsaure in an sich bekannter Weise in Vitamin C 
Oberfuhrt. 

2. Verfahren gemMss Anspruch 1, worin als Mikroorganismus Gluconobacter oxydans UV-10 (FERM-BP- 
1267), Gluconobacter oxydans E-1 (FERM-BP 1265), Gluconobacter oxydans H-2 (FERM-BP-1266), 
Gluconobacter oxydans L-8 (FERM-BP 1268), Gluconobacter oxydans U-13 (FERM-8P-1269) oder 
Gluconobacter oxydans Z-29 (FERM-BP 1270) verwendet wird. 

3. Verfahren nach Anspruch 1. dadurch gekennzeichnet, dass der Mikroorganismus in einem Medium, 
enthaltend L-Sorbose und/oder D-Sorbit und geeignete Nahrmittel, gezUchtet wird.. 

4. Verfahren gemass Anspruch 1, worin L-Sorbose und/oder D-Sorbit mit den ganzen Zellen oder dem 
zellfreien Extrakt in einem wasserigen Medium behandelt werden. 

5. Verfahren gemass Anspruch 3, dadurch gekennzeichnet, dass die Konzentration des Substrats 30 bis 
200 g pro Liter betragt. 

6. Verfahren gemass Anspruch 3, dadurch gekennzeichnet, dass die 2-Keto-L-gulonsaure in einer Konzen- 
tration von mehr als 20 g pro Liter, vorzugsweise mehr als 60 g pro Liter anfallt. 

7. Mikroorganismen der Spezies Gluconobacter oxydans, dadurch gekennzeichnet. dass sie die Fahigkeit 
besitzen, 2-Keto-L-gulonsaure aus D-Sorbit und/oder L-Sorbose zu produzieren, und wdclie eine L- 
Sorbosedehydrogenase-aktivitat aufweisen, die hoher ist als 2Q m Einheiten pro mg Zellprotein, 
vorzugsweise hoher als 50 m Einheiten pro mg Zellprotein, urn L-Sorbose in L-Sorboson Oberzufuhren. 

8. Mikroorganismen gemass Anspruch 7, dadurch gekennzeichnet, dass es sich urn Gluconobacter 
oxydans UV-10 (FERM-BP-1267), Gluconobacter oxydans E-1 (FERM-BP-1265). Gluconobacter oxyd- 
ans H-2 (FERM-BP-1266), Gluconobacter oxydans L-8 (FERM-BP-1268), Gluconobacter oxydans U-13 
(FERM-BP-1"269). oder Gluconobacter oxydans Z-29 (FERM-BP-1270). bzw. deren funktional aequiva- 
lenten Mutanten, Varianten oder Subkulturen handelt, wobei die funktionale Aequivalenz sich auf die L- 
Sorbose-dehydrogenaseaktivitat und die 2-Keto-L-guIonsaure-Ausbeute bezieht. 
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